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far his statement of the existence of these luxurious pro¬ 
fessorships is borne out by fact. Still, we do not wish to 
quarrel with Lord Randolph’s economic mood. We are 
not concerned to defend every expenditure on buildings 
or art collections in South Kensington or elsewhere ; and 
it is quite possible that, if these matters are looked into, 
an extravagance in this direction may be proved. In 
that case, in Lord Randolph’s words, “ the hon. member 
for South Manchester may have more to spend than he has 
at present,” or, to express this in non-Parliamentary 
phraseology, a larger proportion of the present grant may 
be devoted to the pressing and important requirements of 
science. 


EXPERIMENTAL RESEARCHES ON 
HYDRAULIC CEMENTS. 

Recherches Experiment ales sur la Constitution des 
Mortiers Hydrauliques. Par M. H. Le Chatelier, 
Ingdnieur des Mines. (Paris: Vve. Chas. Dunod, 
1887.) 

HE large employment of concrete for the construc¬ 
tion of harbour-works, for building houses, paving 
streets, and other purposes, has created a considerable 
demand of late years for hydraulic cements. Cement 
manufacture is one of the comparatively new industries 
which have taken root in Ireland. This treatise of M. 
Le Chatelier is so valuable an addition to our knowledge 
of the chemistry of a great and important manufacture, 
that a short abstract of its contents will be welcome to 
many of the readers of Nature, especially as the work 
is of unusual scientific interest. 

The chemical reactions which result in the baking and 
hardening of plaster of Paris, mortars, and hydraulic 
cements are treated under the following heads : (1) plaster 
of Paris ; (2) barium silicates ; (3) hydraulic mortars and 
cements. 

The first scientific investigation of the baking and 
setting of plaster of Paris was made by Lavoisier, and 
the process is thus explained by him. There are two 
stages at which the water is removed from gypsum ; three- 
fourths of the water of hydration are much more easily 
expelled by heat than the last fourth. When gypsum is 
dehydrated by heat it absorbs water again with avidity, 
and suddenly becomes a confused and hardened mass of 
crystals. 

Berthier’s observation that plaster of Paris ordinarily 
contains from 4 to 8 per cent, of water has been con¬ 
firmed by Landrin. The baking and dehydrating of 
gypsum was investigated by M. Le Chatelier by observing 
the periods measured by a chronograph, during which 
a thermometer marked successive increments of 5° of 
temperature when plunged into powdered gypsum heated 
progressively and regularly in a test-tube standing 
in a bath of paraffin. The longest periods corre¬ 
spond with the greatest heat absorption and dehydrating 
effect. From 130° to 140“ C. the period was 20 minutes 
40 seconds, between 165° and 180° C. it was 5 minutes. 
Dehydration is partial at 155°, but complete at 194° C. 
There are two distinct phases of dehydration of the com¬ 
pound CaS 0 4 '2H0O : the first corresponds to the forma¬ 
tion of (CaS 0 4 ) 2 - 3H 2 0, the second with (CaS 0 4 ) 2 * H 2 0 ; 
this is plaster of Paris. The hydration which causes the 


quick setting of plaster can be represented by the equa¬ 
tion : (CaS 0 4 ) 2 ' H 3 0 + 3 H 2 0 = 2(CaS0 4 * 2H 2 G), 

Cause of the Hardening. —It has been shown that a 
solution of hydrated calcium sulphate dissolves dehydrated 
plaster, and this after a short interval separates out as 
crystals of gypsum. This action explains the setting of 
plaster; water hydrates the compound partially, and 
dissolves the hydrate to saturation; this dissolves anhydrous 
sulphate to supersaturation, and deposits it as a hydrate, 
after which more of the anhydrous salt becomes dissolved. 
These two opposite actions take place simultaneously at 
contiguous points. The more rapid the hydration, the 
greater is the degree of supersaturation, and the quicker 
the setting of the plaster. Many anhydrous salts harden 
when in contact with water, as for instance sodium sul¬ 
phate, but in every case there is a previous formation of 
a supersaturated solution. 

It is established that crystallization which accompanies 
the setting of plaster of various kinds results from the 
difference in solubility of the compounds which set, and 
those which are formed during the setting : the first occur 
in a state of unstable equilibrium in presence of water, 
and can have only a transitory existence. 

The crystals which form during setting are frequently, 
if not always, extremely delicate prisms united by one of 
their ends round central nuclei so as to form little 
spherical groups. 

The mechanics of setting and hardening can be 
referred to crystallization. Starting with the idea that 
the hardening of mortars is not an isolated phenomenon 
without analogy, and that it is certainly similar to, if not 
identical with, one or other of the known methods, M. 
Le Chatelier describes these as follows:—Hardening by 
compression, of powders ; by desiccation , as with clay or 
gelatine ; by fusion and solidification , metals ; by crystal¬ 
lization, soluble salts. 

These can be referred to two simpler and more general 
phenomena 

Mutual adherence of solid particles, produced at a 
minute distance from each other. 

Mobility of the particles, which admits of their 
coming together. The momentary solution of a salt 
which sets affords the necessary mobility of the particles. 
The setting of mortar evidently enters into the category 
of phenomena of hardening by solution and crystalliza¬ 
tion. When the solid particles have once come together 
the specific hardness will depend upon the internal 
cohesion of the crystals and their mutual adhesion. 

The cohesion of substances varies within very wide 
limits, of which the extreme terms amongst substances 
which enter into the composition of cements are : plaster, 
which is soft enough to be scratched by the nail, and 
quartz, hard enough to scratch steel. All we know 
about cohesion is that it is a primordial property of 
matter. 

Adhesion, unlike cohesion, is a very complex and 
consequently a very variable phenomenon. Its variations 
can almost exclusively serve to explain the considerable 
differences in resistance which are often a distinguishing 
property in analogous cements. It varies with the 
chemical nature of the bodies in contact. The adhesion 
of a crystal of calcium sulphate to a glass plate is nil; on 
the contrary, it is so great with barium silicate that the 
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crystals break rather than become detached. It also 
varies with physical conditions, as, for instance, the 
more or less polished condition of surfaces in contact. 
The total adhesion is evidently proportional to the 
extent of surfaces in contact: it will be so much the 
greater as (1) the volume of empty spaces due to excess 
of water employed in mixing is less ; (2) as each crystal 
for a given weight of matter presents a great extent of 
surface (the form of elongated prisms recognized in the 
crystallization of plaster and of all similar products is 
eminently favourable to the development of adhesion); 
(3) as the crystals are grouped so as to increase the 
volume of empty spaces and so as to diminish their number 
and isolate them one from the other. A structure like 
that of pumice is particularly favourable to strength. The 
nature of the solvent, temperature, and nuclei of crystal¬ 
lization, all serve to modify considerably the growth of 
crystals, and consequently to influence in a like degree 
the strength of the mortar. A study of barium silicate 
has led to the conclusion that its hydration may take 
place in a manner denoted by the following equations : — 

BaSi 0 3 + 6 H 2 0 = BaSi 0 3 ' 6 H 2 0 
Ba 2 Si 0 4 + 15H2O = Ba 2 Si 0 4 ■ 6 H 2 0 + BaO ■ 9H a O 

Si 0 2 + BaO • pH 2 0 = BaSiO s * 6 H 2 0 + 3H 2 0. 

The setting of siliceous baryta cements is due to the 
production of the same hydrated silicate, BaSiO s ' 6 H 2 0 , in 
whatever manner it may be formed. 

Mortars and Hydraulic Cements. —Calcareous mortars 
are divided into two classes : air-dried mortars ; hydraulic 
mortars and cements. 

Air-dried mortar is made from quick-lime slaked with 
water and mixed with sand. As Vicat has shown, the 
first stage of its setting is caused by the desiccation of 
extremely fine particles of lime, and is identical with the 
hardening of clay. The sand acts as in the making 
of bricks—it prevents too much shrinkage by forming 
an incompressible base or body. A further degree of 
hardening is caused by the conversion of the lime into 
carbonate. 

The burning of limestone, unlike the dehydration of 
gypsum, is the result of the phenomenon of dissociation, 
as was proved by Debray. Various kinds of lime all 
become burnt at 850° C. 

Hydraulic Cements. —These are obtained by baking 
natural or artificial mixtures of lime and clay, containing 
from 21 to 27 per cent, of clay. 

They are divided into slow-setting and quick-setting 
cements. The former are baked at ,a much higher 
temperature than the latter. The setting of the former 
proceeds for some hours, and much facilitates their use. 

There appear to be three different anhydrous cal¬ 
cium silicates, of which one only, the tricalcic silicate, 
Si 0 2 '3CaO, is attacked by water, and is capable of 
setting; there are three calcium aluminates, which all 
set very quickly after mixing with water; there are 
ferrites of lime, which slake and swell out like quick-lime, 
and numerous other compound silicates which are more 
or less unalterable by water. 

The only hydrated salts which can exist in presence of 
an excess of lime, and which are formed from the above, 
are:—• 

Silicate, Si 0 2 • CaO 1 jH 2 0 . 

Aluminate, A 1 2 0 3 ‘ 4CaO * i2H s O. 

Ferrite, Fe 2 0 3 • 4CaO ' Aq. 


A microchemical study of anhydrous cements has 
shown that there are colourless crystals of a pseudo- 
cubic or hexagonal appearance. The intervals between 
these crystals are filled with coloured matter without 
crystalline character, which has been in a state of fusion. 
The crystals are formed by chemical precipitation in the 
midst of the brown fusible matter which afterwards solidi¬ 
fied on cooling. The composition of the crystals is that 
of a calcium silicate, and of the amorphous portion of 
silicates of alumina, iron, and lime ; the first compound 
alone is alterable by the action of water, and is that which 
plays so important a part in the setting and hardening of 
cements. 

Analyses of four different varieties of cement support the 
view that this substance is essentially a tricalcic silicate. 

There is no free lime in Portland cements of good 
quality, though there may be aluminates and ferrites. 

Drawings taken from microscopic thin sections serve 
to illustrate the appearance of hydraulic cement when 
anhydrous and when undergoing hydration. 

Lastly, the author deals with the causes of the destruc¬ 
tion of hydraulic mortars in the air, in fresh and in salt 
water. W. N. Hartley. 


ELEMENTARY MICROSCOPICAL 
EX AMINA TION. 

Elementary Microscopical Examination. By T. Charters 
White, M.R.C.S., late President of theQuekett Micro¬ 
scopical Club. 104 pp. (London: Roper and Drow ley.) 
HE author of this work tells us that he has 
aimed at leading “ the possessor of his first micro¬ 
scope into the smooth path of progress, by pointing out 
the simplest and most elementary methods of observa¬ 
tion, and, after so far clearing the way, leading him 
gradually to the higher branches of microscopical manipu¬ 
lation.” It must be admitted that he has succeeded in 
doing this. His modest little volume is both sound and 
original, and confirms the conviction that popular treatises, 
to be of good effect, must be produced by those who have 
themselves endured the drudgery of routine work and who 
have acquired their experience first hand. One sees 
throughout this work traces of a generation which is past, 
but as the book is not written for the schoolmen of 
to-day, criticism is, from their stand-point, disarmed. 

The little volume is, notwithstanding, one of consider¬ 
able merit. There may be cited, as bearing testimony to 
the care with which the author has selected his recipes, 
the incorporation of the glycerine-alcohol method of pre¬ 
paring delicate tissues, originally introduced by Stras- 
burger. As evidence of originality, we may cite the 
following: “ It (glycerine) needs discrimination in its 
use, as it cannot be employed for calcareous tissues as 
bone or shell, as they would become decalcified after 
being exposed to its influence for some time.” Hints 
such as these, which are the very salvation of the dilettante, 
can only be the outcome of prolonged practical experi¬ 
ence, and they testify most powerfully to the intrinsic 
merit of the work in which they appear. In dealing with 
photo-micrography the author describes an apparatus 
designed by himself. He is evidently an expert in this 
field, and in his device he has aimed at producing a 
machine which may be constructed by the worker at a 
minimum cost. A very worthy motive this, but experi- 
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